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® The areas of a printed circuit where electrical 
components are to be solder connected, such as 
through-holes (H), surrounding pads (P) and surface 
mount areas (SMT), are selectively provided with a 
metal coating (22) (e.g., tin-lead) which preserves 
and promotes solderability thereat, by a process in 
which a photoimageable electrophoretically depos- 
ited organic resin (20) is used to provide, on an 
already patterned surface, an additional resist pat- 
tern which selectively exposes areas on which the 
solderable metal coating is to be provided and in 
which the resist serves also as an etch resist for 
metal areas over which it is arranged. 
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The present invention relates to the manufac- 
ture of printed circuits and, more particularly, to the 
manufacture of printed circuits wherein a soldera- 
ble coaling is selectively applied to particular de- 
sired areas of the circuit. 

In the fabrication of printed circuits, it is well 
known to provide the circuit, at those locations 
such as through-holes, pads and surface mount 
areas at which electrical components such as tran- 
sistors, capacitors, integrated circuits, and the lake 
will later be connected via soldering, with a metal 
coating which promotes and preserves ready sol- 
derability of those areas. Typically, the metal coat- 
ing so provided is solder itself. In addition, other 
areas of the circuit at which soldered connections 
will not later be made, and which are to be pro- 
tected in the subsequent solder connection opera- 
tion, are masked. 

There are a number of processes for arriving at 
the desired pattern of solder-bearing and solder- 
masked areas on the printed circuit. In a typical 
process, a printed circuit laminate (e.g., a double 
sided printed circuit or a multilayer circuit having 
copper foil clad outer surfaces) has through holes 
drilled therein which are then metallized via elec- 
troless copper depositing (at the same time provid- 
ing electroless copper over the copper foil clad- 
ding). A plating resist pattern is then applied by 
selective exposure and development of a photores- 
ist, the pattern being in the negative of the even- 
tually desired conductive circuitry. Thereafter, cop- 
per thickness is built up at those areas not covered 
by the plating resist, typically by electrolytic cop- 
per plating. The built up copper areas are then 
overplated with electrolytic tin-lead to serve as an 
etch resist, the plating resist then removed, and the 
copper which was under the plating resist then 
etched away down to the substrate surface. 

At this stage in the process, a number of 
different variations are possible for providing the 
ultimately desired solderable holes, pads and sur- 
face mount areas. For example, all areas of the 
board other than through-holes, pads and surface 
mount areas might at this point be covered with a 
solder mask, and then the tin-lead coating over the 
non-masked areas reflowed and fused to provide 
the requisite solder surface thereon. Generally, 
however, processing in this manner is not preferred 
because during the reflow and fusing, as well as 
during later connection of electrical devices via 
wave or dip soldering, the tin-lead coating on the 
copper traces under the solder mask tends also to 
reflow. This can result in the production of solder 
slivers, causing shorts between adjacent traces, 
and also can result in an aesthetically undesirable 
crinkled solder mask surface. One means to avoid 
this problem is to arrange that there be no re- 
flowable metal under the solder mask, e.g., that 
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any metal areas under the solder mask be bare 
copper surfaces (so-called SMOBC processes). 
Thus, after the copper etching step, the tin-lead 
etch resist is completely stripped, the areas other 

5 than holes, pads and surface mount areas then 
solder masked (the mask thus being over bare 
copper traces), and solder then applied to the 
exposed copper through-holes, pads, etc. by im- 
mersion tin-lead plating (followed by reflow and 

10 fusing) or, more typically, hot air solder leveling 
application. 

Other techniques along these lines are known, 
such as the use of organic etch resists over tin- 
lead plated through-holes, pads, etc., followed by 

75 selective stripping of tin-lead from copper traces 
before application of solder mask. See U.S. Patent 
No. 4,978,423 to Durnwith. Jr., et al. See also U.S. 
Patent No. 4,325,780 to Schuiz, Sr.; U.S. Patent 
No. 4,487,654 to Coppin; and U.S. Patent No. 

20 4,804,615 to Larson, et al for other known selective 
solder and solder masking processes which involve 
the use of multiple plating resists in attempts to 
only selectively provide tin-lead at desired loca- 
tions. 

25 In most of these known processes, then, for 

providing solder at desired hole, pad and surface 
mount locations, and for providing solder mask 
over bare copper traces, there is involved applica- 
tion of tin-lead to areas from which the tin-lead 

30 eventually is completely or selectively etched. This 
manner of processing involves wasteful use of tin- 
lead, adds tin-lead stripping requirements to the 
overall process, and requires processing of 
stripped tin-lead. In those other known processes 

35 which attempt to selectively provide tin-lead initially 
only to the areas eventually requiring solder coat- 
ing, the foregoing problems are resolved but other 
problems are introduced in terms of the increased 
number of steps and expense in applying and then 

40 removing copper plating resists prior to application 
of the tin-lead plating resists which enable selective 
tin-lead plating, and/or in applying resists over ex- 
isting resists and the problems attendant with im- 
aging and exposure in such situations. 

45 According to the present invention, there is 

provided a process for selectively applying a sol- 
derable coating, such as a reflowable tin-lead coat- 
ing, to those areas of the printed circuit, e.g., holes, 
pads and surface mount areas, at which a sol- 

50 derable coating is desired, without need for ap- 
plication of the coating to areas (e.g., traces) where 
it subsequently requires stripping so that solder 
mask can be applied over bare copper. In this way. 
and with specific reference to tin-lead coatings, 

55 there is a conserving of tin-lead plating needs, and 
elimination of tin-lead stripping steps and process- 
ing of the stripped tin-lead. As compared to known 
processes which similarly seek to avoid non-selec- 
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tive tin-lead plating, the present invention provides 
considerable innprovement in process simplicity. 

In the preferred process of the invention, and 
with reference to the selective provision of tin-lead 
coating, a copper foil clad printed circuit substrate 5 
has through-holes drilled therein, and the through- 
holes are then metallized with electroless copper 
(at the same time providing electroless copper over 
the copper foil cladding). A photoresist coating is 
then applied, exposed and developed to provide a 10 
pattern of plating resist in the negative of the 
desired copper circuitry, and the non-resist cov- 
ered areas (holes and areas which will serve as 
traces, pads and surface mount areas) are then 
provided with additional copper thickness, usually 15 
by electroplated copper. With the plating resist still 
in place, a negative-working, photoimageable. elec- 
trophoretically depositable organic resin is depos- 
ited by electrophoresis. Because of its elec- 
trophoretic nature, the resin is deposited only on 20 
the conductive copper surfaces (holes, pads, 
traces, surface mount areas) and not over the pre- 
viously applied plating resist. The so-deposited lay- 
er is then imagewise exposed and developed to 
expose only those areas which are to receive tin- 25 
lead (holes, pads, surface mount areas) while cov- 
ering other conductive areas (not covered by the 
plating resist) which are not to receive tin-lead 
(traces). By its negative-working nature, the resin is 
readily removable from holes without need for di- 30 
recting activating radiation into the hole areas. 
Thereafter, the remaining exposed copper areas 
are selectively electroplated with tin-lead. The plat- 
ing resist is then removed, and the copper there- 
under is etched away down to the substrate sur- 35 
face. In the etching, the tin-lead coating on the 
holes, pads and surface mount areas there serves 
as an etch resist, while the electrophoretically de- 
posited resin on the traces serves to protect those 
areas from etching. After the copper etching, the 40 
electrophoretically deposited resist is removed, sol- 
der mask is applied over all areas other than holes, 
pads and surface mount areas, and the tin-lead 
over those areas can then be reflowed and fused to 
provide the requisite solder coating thereat. 45 

Embodiments of the present invention will now 
be described in more detail, by way of example 
only, with reference to the accompanying drawings, 
in which:- 

FIGS. 1A through 1L, are cross-sectional views 50 
of a portion of a printed circuit board at various 
stages of processing in accordance with the 
invention. 

The invention is generally applicable to any 
printed circuit which contains metallized through 55 
holes, and which requires that the solderability of 
areas such as holes, pads and surface mount areas 
be preserved and enhanced by application thereto 



of solderable coating, preferably electroplated tin- 
lead alloy, and which also requires that, in the 
solder masking of all areas which are not involved 
in later solder connections, any metal areas under 
the solder mask be non-reflowable, e.g., bare cop- 
per. The invention is thus applicable to double- 
sided printed circuits as well as multilayer printed 
circuits (i.e.. circuits formed from an alternating 
layered arrangement of circuitry innerlayers sand- 
wiched between dielectric substrate material). 

In the following discussion with reference to the 
Figures, the invention is illustrated with reference to 
a typical double-sided printed circuit. For ease of 
description, the provision of the required circuitry is 
shown only with respect to one side of the board. 
The sectional views are greatly simplified and ex- 
panded for ease of understanding and illustration, 
and the thicknesses for the various metal and resist 
layers are not in absolute or even relative propor- 
tions. 

The first step in the process is the provision of 
a printed circuit insulating substrate material having 
one or more through holes drilled or punched 
therein at desired locations. As shown in FIG. 1A, 
the preferred starting material is a dielectric sub- 
strate 10 (e.g., epoxy. polyimide or other like ther- 
mosetting or thermoplastic resin, optionally and 
preferably reinforced with, e.g.. glass fibers) on 
which already has been provided a copper foil 12 
bonded to its surfaces and which is then provided 
with through holes. Typical copper foil cladding 12 
is one ounce copper, i.e., copper foil of a nominal 
thickness of about 0.0014 inches. Alternatively, 
however, the starting material can be the dielectric 
substrate 10 per se with through holes provided 
therein. 

The next step in the process is the metal- 
lization of the through hole surfaces to provide the 
structure shown in FIG. 1B wherein a copper layer 

14 is provided over the through hole surfaces and 
over the copper foil cladding 12. The metallization 

15 preferably by way of electroless copper deposi- 
tion and will include the well known preparatory 
step of catalytic activation of the surfaces with. e.g.. 
palladium-tin sols or solutions, prior to immersion 
of the board in the electroless copper depositing 
bath. For multilayer circuits, the through hole 
metallization process will also generally include 
steps for desmearing and/or etching back the 
through holes prior to catalytic activation, and for 
all circuits the preparation will generally also in- 
clude various cleaning, glass fiber etching, con- 
ditioning, microetching and other steps before ac- 
tivation and electroless copper deposition. All these 
techniques are well known in the art and are not 
further elaborated upon herein; the only feature of 
importance to the inventive process is simply the 
provision of metallized through holes. 
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In the next process step, the board with metal- 
lized through holes is then subjected to photoimag- 
ing to produce on the surfaces a pattern of organic 
resist material 16 (FIG. 1C) which is in the negative 
of the pattern of eventually desired metal circuitry. 
The resist pattern is arrived at by the deposition, 
imagewise exposure and development of any suit- 
able photoresist composition. Most preferred in this 
regard is the use of a dry film photoresist which is 
applied as a layer over the entire surface (thus, 
tenting over the through holes) and is then exposed 
to activating radiation of appropriate wavelength 
through a patterned mask, and developed in an 
appropriate solvent, to leave behind the desired 
pattern of resist 16. Another requirement of the 
resist, as will become apparent from later discus- 
sion herein, is that it be eventually strippable by 
means which would not also strip the other resist 
used in the process (see FIG. 1 1). To this end, it is 
preferred that the resist 16 be strippable in aque- 
ous alkaline solution. 

Following production of the desired pattern of 
resist 16 (hereinafter referred to as the primary 
plating resist), the areas not covered by the resist 
are provided with additional copper thickness, typi- 
cally by means of electroplating. In this manner, 
only the areas where conductive circuitry will exist 
are built up with an additional layer of copper 1 8 as 
shown in FIG. 1D. The total thickness of copper to 
be built up in this manner is dictated simply by the 
electrical requirements of the final circuit, and can 
be varied in any suitable manner. 

In the next step of the process, a photoimagea- 
ble, electrophoretically depositable organic resin is 
then electrophoretically applied to the board. By 
virtue of the charged nature of the resin and the 
electrophoretic deposition process, the 
photoimageable organic resin so applied will be 
applied only to those areas which are conductive, 
and thus not on areas protected by the primary 
plating resist or on the primary plating resist per 
se, all as shown in FIG. 1E. 

The use of electrophoretically depositable or- 
ganic coatings In selective metallization processes, 
selective etching processes and printed circuit 
manufacture is known in the art, as are the pro- 
cesses for effecting the deposition and the organic 
compositions for use therein. In these regards, ref- 
erence should be had to USSR Inventor's Certif- 
icate No. 293,312 (published May 10, 1971); British 
Patent No. 1,194,826 (published June 10, 1970); 
French Patent Application No. 2,422,732; and U.S. 
Patent Nos. 3,892.646; 4,592,816; 4,746,399; 
4,751,172; and 4,861,438. and the references cited 
therein, all of which are incorporated by reference 
herein, particularly as regards photoimageable, 
electrophoretically depositable organic resins. 

In general, the electrophoretic deposition is 
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carried out in a cell containing a solution or sus- 
pension of the organic resin, and most typically the 
copper surfaces of the board serve as the cathode 
in the cell (positively-charged organic resin). The 

5 temperature at which the electrophoretic deposition 
is carried out generally will be between about 70* F 
to about 100°F, and the voltage typically will be in 
the range of from about 20 to about 300 volts. The 
electrophoretic deposition of the organic resin con- 

10 tinues until the desired thickness of resin is ob- 
tained. Generally, the deposited thickness will be 
on the order of from about 0.2 to about 2.0 mil 
depending upon the type of circuitry involved, but 
any optimal or desired thickness can be employed. 

75 Following the electrophoretic deposition, the 

photosensitive resin so deposited is imaged and 
developed to provide the resin as a patterned resist 
20 only over those conductive areas (e.g., traces) 
which are not to be provided with the readily sol- 

20 derable coating according to later steps of the 
invention. To this end, the photosensitive elec- 
trodeposited organic resin is chosen to be a 
negative- working composition, such that areas ex- 
posed to activating radiation in the imagewise ex- 

25 posure step become insoluble (or at least differen- 
tially less soluble than unexposed areas) in the 
subsequently employed developer. In this way, res- 
in deposited over the conductive through hole sur- 
faces can be readily rinsed away in development 

30 without need for having been exposed to activating 
radiation In the Imagewise exposure step. 

These steps are Illustrated in FIG. IE where 
the resin layer 20 is electrophoretically deposited 
over all conductive surfaces; FIG. IF where the 

35 layer is selectively imagewise exposed through a 
patterned mask; and FIG. 1G wherein the develop- 
ment step results in the light-exposed areas re- 
maining as resist 20. 

As will readily be seen, the foregoing steps 

40 serve to leave exposed only those conductive 
areas (here, through holes (H), surrounding pads 
(P) and surface mount areas (SMT)) where readily 
solderable surfaces are to be provided, while all 
other areas are protected from plating by virtue of 

45 resist 20 (for copper areas which will become cop- 
per traces (T)) and primary plating resist 16 (for 
copper areas which will eventually be etched 
away). 

With the circuit so patterned, the exposed cop- 
50 per hole, pad and surface mount areas are then 
provided with a metal coating which will preserve 
and promote solderabllity of electrical components 
thereat, preferably a layer of tin-lead 22 applied by 
electroplating, as shown in FIG. 1H. The layer of 
55 tin-lead 22 can be of any desired and necessary 
thickness, and typically will be on the order of 
about 0.3 to about 0.7 mil thick. 

Following tin-lead plating, primary plating resist 

5 
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16 is then stripped from the copper surfaces (12, 
14) over which it exists (FIG. ll). Having been 
chosen for its strippability in a medium which does 
not also strip resist 20 (e.g.. aqueous alkaline me- 
dium), resist 16 can he selectively stripped while 5 
resist 20 remains intact. 

After stripping primary plating resist 16, the 
copper thereunder is etched away down to the 
substrate surface by any suitable means effective 
to etch copper without appreciably dissolving tin- 10 
lead, with ammonia-based etching-solutions being 
preferred. In the etching process, tin-lead layer 22 
serves as an etch-resist for the through-hole, pad 
and surface nnount areas, while the elec- 
trophoretically deposited resist 20 serves as an 75 
etch resist for the copper trace areas thereunder, 
all as shown in FIG. 1J. 

Following copper etching, the electrophoretical- 
ly deposited resist 20 is stripped using any suitable 
medium therefor, leaving the structure shown in 20 
FIG. IK. Thereafter, all areas other than holes, 
pads and surface mount areas are provided with a 
suitable solder mask 24 by any appropriate ap- 
plication technique (FIG. 1L). At this stage, then, 
the board is ready for the later soldering of elec- 25 
trical components at hole, pad and surface mount 
areas. Typically, the tin-lead layer 22 will be re- 
flowed and fused in the printed circuit fabrication 
stage prior to the assembly of electrical compo- 
nents thereto. 

30 

As Will be well appreciated by those in this art. 
the foregoing sequence is for illustration of only the 
essential steps of the invention, and does not illus- 
trate the various rinses, surface preparation steps, 
etc.. Which are commonly employed in association 35 
with plating steps, resist deposition steps, etching 
steps, etc. It should be understood that the refer- 
ence herein to various copper surfaces refers only 
to the gross structure of the particular surface in 
question, in that it may be pure copper or suitable 4o 
copper alloy, or even have a further coating 
thereover. In particular in this regard, it is intended 
and contemplated that the foregoing process se- 
quence might also include the provision of a further 
surface coating over copper surfaces at various 45 
stages in the process as a means for enhancing a 
subsequent process step. By way of example, it is 
contemplated that copper surfaces over which 
electrophoretically depositable resins are deposited 
by electrophoresis will first be provided with a 50 
uniform layer of a uniformizing/passivating compo- 
nent, such as copper oxide, phosphate or the like, 
as a means for enhancing deposition, imaging, 
development and functional properties of the elec- 
trophoretically deposited resin, as is described in 55 
European Patent application No. [Our Ref: 71008], 
filed on the same day as the present application. 
By virtue of the present invention, there is 



provided a straightforward means for providing a 
printed circuit in which the areas where solder 
connections of electrical components are to be 
made are arranged to be (and remain) readily 
solderable. e.g., via provision of tin-lead plating 
thereat, without need for tin-lead plating and subse- 
quent tin-lead stripping at other areas, and in a way 
which simplifies the overall process and materials 
requirements. 

Claims 

1. A process for fabricating a printed circuit in 
which selected conductive areas, including 
through-holes and surrounding pads, are selec- 
tively provided with a solderable metal coating 
which maintains and promotes the solderability 
of electrical components thereat, said process 
comprising the steps of: 

(a) providing a printed circuit material com- 
prised of a metallized insulating substrate 
material having through-holes formed there- 
in; 

(b) metallizing the surfaces of said through- 
holes; (c) providing on said printed circuit 
material a primary plating resist in the nega- 
tive of the pattern of desired conductive 
circuitry of said printed circuit; 

(d) thereafter providing additional metal over 
those metallized areas of the printed circuit 
material not covered by said primary plating 
resist; 

(e) thereafter selectively electrophoretically 
applying, over those areas of said printed 
circuit material provided with said additional 
metal, a photoimageable electrophoretically 
depositable organic resin; 

(f) thereafter imagewise exposing and devel- 
oping said photoimageable elec- 
trophoretically applied resin to provide a 
pattern of a second resist on said printed 
circuit material, said pattern of said second 
resist being such that, of all conductive 
areas, only the selected conductive areas, 
including through-holes and surrounding 
pads, which are to be provided with a sol- 
derable metal coating, remain exposed; 

(g) thereafter selectively providing a sol- 
derable metal coating only on said exposed 
conductive areas; 

(h) thereafter selectively removing said pri- 
mary plating resist from said printed circuit 
material; 

(i) thereafter etching away metal which was 
under said primary plating resist; and 

(j) thereafter removing said second resist 
from said printed circuit material. 
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2. A process according to Claim 1. further com- 
prising the step, after step (j)» of providing 
areas of said printed circuit material, other than 
those selected areas having said solderable 
metal coating thereon, with a solder mask. 

3. A process according to Claim 1 wherein said 
solderable metal coating is electroplated tin- 
lead alloy. 

4. A process according to Claim 3 wherein said 
metallizing of said through-holes is by elec- 
troloss copper deposition. 

5. A process according to Claim 4 wherein the 
providing of additional metal of step (d) com- 
prises electroplating copper over said metal- 
lized areas. 



(f) imagewise exposing and developing said 
organic resist to provide a second resist in 
a pattern such that only those electroplated 
copper areas, including through-holes and 

5 surrounding pads, which are to receive said 

tin-lead coating, are exposed; 

(g) selectively electroplating tin-lead over 
said exposed electroplated copper areas, 
including through-holes and pads; 

10 (h) selectively removing said primary plating 

resist: 

(i) selectively etching away the copper pre- 
viously under said primary plating resist; 
(j) removing said second resist; and 
IS (k) solder masking areas of said printed 

circuit not having said tin-lead coating there- 
on. 



6. A process according to any one of the preced- 20 
ing claims, wherein said plating resist of step 
(c) is provided by the application, imagewise 
exposure and development of a photoresist. 



7. A process according to Claim 6 wherein said 25 
photoresist is a dry-film photoresist 



8. A process according to any one of the preced- 
ing claims, wherein said photo-imageable elec- 
trophoretically depositable organic resin is 30 
negative-working. 



9. A process for fabricating a printed circuit in 
which selected conductive areas, including 
through-holes and surrounding pads, are selec- 35 
tively provided with a tin-lead coating to pre- 
serve and promote the solderability of said 
areas, comprising the sequential steps of: 

(a) providing a printed circuit material com- 
prised of an insulating substrate material 4Q 
coated on its outer-facing planar surfaces 

with copper and having one or more 
through-holes provided therein; 

(b) electrolessly providing a layer of copper 
over said copper coating and said through- 45 
hole surfaces; 

(c) providing over said electroless copper a 
primary plating resist in the negative of the 
pattern of the desired conductive circuitry of 

said printed circuit; 50 

(d) electroplating copper over the electro- 
less copper areas, including through-holes 
and surrounding pads, not covered by said 
primary plating resist; 

(e) selectively electrophoretically depositing ss 
over the electroplated copper areas a 
negative-working photoimageable elec- 
trophoretically depositable organic resin; 
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